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(57) [Abstract] 

[Object] To provide a wavelength characteristic control method for the optical 
10 transmission power using a Raman amplification and to provide an apparatus using said 
method in order to improve the transmission characteristic by automatically 
compensating the wavelength characteristic of the optical transmission power without 
causing loss in each channel light 

[Means] The wavelength characteristic control method for optical transmission power 
1 5 using Raman amplification according to the present invention controls gain wavelength 
characteristic of the Raman amplification by supplying the optical transmission line 
(Raman amplification medium) with Raman pump lights having wavelength bands 
according to the wavelength characteristic of the optical transmission power generated 
as the WDM signal lights are transmitted over the optical transmission line, 
20 compensating the wavelength characteristic of said optical transmission power with the 
gain wavelength characteristic of resulting Raman amplification, and monitoring the 
wavelength characteristic of optical transmission power after the Raman amplification. 

[01 1 0] Next, the fourth embodiment is described. Fig. 35 is a block diagram 
25 showing an optical amplifier configuration of the fourth embodiment which applies the 
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basic configuration described above. 

[01 1 1] The optical amplifier shown in Fig. 35 applies the above mentioned basic 
configuration, for instance, in using as a Raman amplification medium the erbium doped 
optical fiber (hereinafter, "EDF") which comprises the front stage optical amplification 
5 section 81 in the third embodiment described above. 

[0112] Specifically, the input terminal of the front stage optical amplification section 
81 is connected to the input port IN via the optical isolator 86 A. This optical 
amplification section 81 has EDF 81a, pumping LD 81b and WDM coupler 81c and a 
pump light of 980 nanometer band generated in the pumping LD 81b is supplied from 
1 0 the front side of the EDF 8 1 a via the WDM coupler 81c which is arranged belween the 
optical isolator 86A and the input terminal of the EDF 81a. The pumping LD 81b is 
controlled by the AGC circuit 81 A at a constant gain. 

[01 1 3] The output terminal of the front stage optical amplification section 81 is 
connected to the input terminal of the back stage optical amplification section 82 via the 

1 5 optical isolator 86B and variable optical attenuator (hereinafter, ' VATT") 83. This 
optical amplification section 82 has EDF 82a, pumping LD 82b and WDM coupler 82c 
and a pump light of 1480 nanometer band generated in the pumping LD 82b is supplied 
from the back side of the EDF 8 1 a via the WDM coupler 82c which is arranged in the 
output terminal side of the EDF 82a. The pumping LD 82b is controlled by the AGC 

20 circuit 82A at a constant gain. 

[0114] WDM coupler 22 is provided between the output terminal of the front stage 
optical amplification 81 and the optical isolator 86B and a Raman pump light with 
wavelength of 1430 nanometers outputted from the pumping LD 23 is supplied from the 
back side of the EDF 81 a via the WDM coupler 22. 

25 [01 1 5] Optical coupler 3A is arranged between the back stage optical amplification 
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section 82 and the output port OUT and tilt monitoring section 3 is provided to monitor 
wavelength characteristic of the optical transmission power using the branched lights 
from that optical coupler 3A. The monitored result by this tilt monitoring section 3 is 
sent to the Raman amplification control section 4 and a control signal is transmitted from 
5 that Raman amplification control section 4 to the pumping LD 23. 

[01 16] Thus, in the fourth embodiment the above mentioned Raman amplification 
generating section 2 of the configuration shown in Fig. 4 is applied and the EDF 81a 
represents the Raman amplification medium 21 . And among others the optical 
transmission line connected to this optical amplifier corresponds to the tilt generating 
10 section 1. 

[01 17] In the optical amplifier of this configuration, WDM signal lights inputted to the 
input port IN is sent to the front stage optical amplification section 81 via the optical 
isolator 86A and propagated through the WDM coupler 8 to the EDF 81 a. Since at this 
EDF 81a a pump light of 980 nanometer band generated in the pumping LD 81b is 

1 5 supplied from its front side while a Raman pump light of 1430 nanometers generated in 
the pumping LD 23 is supplied from its back side, an amplification by induced emission 
effect of the pumped erbium and a Raman amplification occur. Wavelength 
characteristic of optical transmission power for each channel is compensated by this 
Raman amplification in the EDF 81a. 

20 [01 1 8] The WDM signal lights which are amplified to a required level in the optical 
amplification section 81 is sent to the back stage optical amplification section 82 via the 
WDM coupler 22, optical isolator 86b and variable optical attenuator 83 and amplified to 
a required level as it propagates through the EDF 82a which is supplied with a pump 
light of 1480 nanometer band. The WDM signal lights outputted from the optical 

25 amplification section 82 is outputted from the output port OUT to the outside while some 
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of them are branched and sent to the ALC circuit 83A and tilt monitoring section 3. 
[0119] A signal for controlling optical attenuation for the variable optical attenuator 
83 to set the power of WDM signal lights outputted from the output port OUT to a 
required specific level is generated in the ALC circuit 83A and transmitted to the variable 
5 optical attenuator 83. The wavelength characteristic of optical transmission power is 
monitored by the tilt monitoring section 3 with respect to the WDM signal lights outputted 
from the back stage optical amplification section 82, its monitored result is fed back to 
the Raman amplification control section 4, and driving condition of the pumping LD 23 is 
controlled. 

1 0 [01 20] Thus, according to the optical amplifier in the fourth embodiment, 
wavelength characteristic of optical transmission power can be compensated 
automatically by supplying the EDF 81a with a Raman pump light to generate a Raman 
amplification and also by providing the tilt monitoring section 3 to control gain wavelength 
characteristic of the Raman amplification. However, when compared with the third 

1 5 embodiment, a Raman pump light with larger power will be required in order to generate 
a required Raman amplification because the mode field diameter of EDF is larger than 
that of the dispersion compensating fiber. 

[01 21 ] Although in the fourth embodiment described above a configuration without 
providing a dispersion compensating fiber in the optical amplifier is indicated, the 

20 dispersion compensating fiber may be provided, for instance, in a point between the 
variable optical attenuator 83 and the input terminal of the back stage optical 
amplification section 82 if compensation of wavelength dispersion and others which 
would occur, for instance, on the connected optical transmission line is necessary. 
Also while in the configuration a Raman pump light is supplied to the front stage EDF 

25 81a, supplying the Raman pump light to the back stage EDF 82a is valid as well. 
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Furthermore, although a case where the Raman pump light is supplied from the back 
side of the EDF 81a is indicated, it is also possible to supply the Raman pump light from 
the front side of the EDF 81a. 

5 [01 36] Fig. 40 is an example of the system configuration where a Raman pumping 
is carried out with a combination of three wavelengths with regard to C band + L band. 
The configuration in Fig. 40 (a) shows an example where an optical transmission line is 
used as a Raman amplification medium as is the case with the first embodiment 
described above. In this example, WDM signal lights from the optical transmission line 

10 are demultiplexed into the C band and L band by the demultiplexer, signal lights in each 
band are amplified by the optical amplifier for C band and the optical amplifier for L band 
respectively, and multiplexed by the multiplexer while Raman pump lights with three 
wavelengths X 2i Xz are multiplexed with the WDM coupler and supplied to the optical 
transmission line to generate a Raman amplification. 

15 [01 37] In Fig. 40 (b), an input monitoring section to which some of the lights 

inputted to each of frie optical amplification sections (for C band and L band) are inputted 
is included and, in response to each monitored result from that input monitoring section, 
the Raman amplification control section adjusts the ratio of the Raman pump light power 
to set the input levels of each amplification section to a specified value and controls the 

20 wavelength characteristic of the Raman amplification. Specifically, for example, control 
is made so that the input light levels of each amplification section become equal. 

[0141] Here is a description of a specific configuration where the output optical 
power from the Raman amplification medium is monitored and its monitored result is 
25 reflected in a Raman amplification control. Fig. 43 is a block diagram showing a basic 



5 



configuration of an apparatus which applies the control method according to the present 
invention including a monitoring process of the output optical power. 
[0142] The configuration in Fig. 43 provides the optical power monitoring section 
101 for monitoring the output optical power from the Raman amplification medium with 
5 regard to, for instance, the above mentioned basic configuration shown in Fig. 8. 

Monitored results from that optical power monitoring section 101 and monitored results 
from the tilt monitoring section 3 are sent to the Raman amplification control section 4 
and 

control signals are transmitted from the Raman amplification control section 4 to each of 
10 the pumping LDs respectively. In other words, maintaining the output optical power 
from the Raman amplification medium 21 at a specified value and smoothing out the 
wavelength characteristic of the optical transmission power are both achieved by 
adjusting the ration of Raman pump lights of each wavelength band (equal to or more 
than two wavelengths, two wavelengths are indicated in the diagram). 



6 



7U 



(19)B#S^sW (JP) 



m 



(A) 



(43)& 



^2 0 0 1 — 7 7 68 

(P 2001-7768 A) 
H ¥i&13^ 1 n 12 H (2001 . 1 . 12) 




(51)Int.Cl. 7 




F I 


f-n-y (#%) 


H04B 10/17 




H04B 9/00 


J 


10/16 




G02F 1/35 


501 


G02F 1/35 


501 


HOIS 3/06 


i B 


HOIS 3/06 




3/30 


Z 


3/30 




H04B 9/00 


E 






ifclf* »5SJfi©&22 OL (±30H) *&KCi^< 


\ U *■ / JJlJ WV\ fcfcT -J 


fem^L\ 1 — 375092 


(71)miPA 


000005223 










(22)£±iIIB 


¥J5R1 1^12^ 28B ( 1999. 12. 28) 












1^ 


(31)<gft*£?gS^ 


• 4flSB¥ll-115971 


(72)3P.H# 




(32)^5feB 


JpfiEllip 4 £23B (1999.4.23) 








B* (JP) 




l^f ^±5i»s:^±rt 






(72)38 B£# 










#^)ll»JI|iit"U4'llE±'hffl*4TE IS 














(74)ft3A 


100078330 












(57) [S*j] 

J&U «*+S9y>.it«<Z)*l»*S«ttS:J:ot«lS 





( 2 ) 

1 

b s ^eat^ v -©&s*$tt s *s v> t x 

miB33te ii^ 9 - © &S<HM4 1 J& b T Wtfe $ ft fc i&ft?? 
C^^tt, Huf3*e^S§©'i>*:< fct)-Si5^^ 

^ -.©*««ftt * * = * -r s feft^tt^e - f m 

#¥iSfb $*i5J;-5C7V >ti*l©*ijf#ifc£iNM££fWP 
£^T&S£fc&1^£r377>tiefc£3#fiS£ 

[»««2] w^«i{cs3«©?s*<Rftt»JSsi^?*-r-feo 

T, 20 
iiu§37V>if*l$g£j&gy:, «&©&*#© 7 v>lMa 

#©f!h&£iSSbT> 7?>««©W#&ft4*tt£$OT 

*- £ £ t ^iNp^t h *- s 5 T > m m t <t 7 -© 

iIS3ifilS©iSS^ : ©7V>S(i^^{i > fg^0«5^*5»t 

js ts £ * b £ -a- 5 «s^© 7 ? >m&?& £ ^ Ay t- v ^ s c: 

C»^«4] §f#yfl2{-§3«©&S^&ftJffl#&T*&-3 

SlB7V>*(JB«|»aigH:x BuI3«i!(©^^©7V> _ 
lJ^7fe©d*>© / i>'5:< 1 oojfcS^©^-^©^ 
««4Wit-«tU fl!i©«*^©7?>iijje^©^ 

[W5RIS5] if5l?«2(c:f3«6©?S^^Jffli*&-C*fe-3 
mi 13 5 v > ti 41 m&o ttip %> y V — £ * - * 1 * y * ? ~ 
fif»7^>JB«»l»aiSH:, tflfESEfiMFtt^^^ifla© 

mft3>tee^^y-©««^A s ¥JS<b$*x5«t5 



2001-7768 

2 

-Cfl5fiK^nfeHul3^ejaiE&&7x'>Jig^i:bT, bu 
137 v >ftj@3fc £«i£-r S - f 5 5 ▼ >«H 

ae* &««&-r s c: ^ sr^aai: -r 5 v c * * # 
gjai^'7-©«E«!Rff4©J»^^. 

C h f TfeiS^ t *7 - © tfiDS M^MfS 

I^CMbtv fuffi^e^W— ©«EftiHfl£&«^nI 

h5I3 5 v >tf ♦iSEi*:^ MM b ^ft^fiff ^ o V > T 
T7 — © ^*<Hrtt * * - ^ 1" S «tS«f!4 ^ - * # 

^S#tt ; E-^^IS!© ; e-<5'^tar5v>-C, a5l3®J 
^^^ast-43(t 57? >S6jg7fe©^tt^&^S b, 
Bul3^{5i5l/^ "7 — ©i£ JM3«£* S5 Pifi<b ?ti5<t?C7V 

7i x fc ci i: * i: "T s a* mm > 

[If ^31 9 ] at^J* 8 ^f3«©^S^fi7 l fijifi^^^ A 
I3«g!(©^ft^© 5 v > Jftfi* fc^S b t hu§37 v 

fca«li*:fc«l& b, 

[If^iM 1 0 ] »5f?ig 9 £f3*©$ES#ffi#»fr>;*^ 

o (c m^c 5 «fc -5 * 7 v >mm % b ^ * s «?^©7 v 



( 

3 

grK5v>«i«»J»*aB\ iiuf31«&©$IMf©7V> 
®;£3#©-5*>©'J>&< lo©ijEft^©7?>Iig* 

£kU ffeffl&^©7V>©j>g#©Sg 

1 2 ] w 5|<js 9 \z%^m<o^i^m%ms^ 7,y- 

mil 3}fefij£Sg 2 ft 3 «S#fi{s^3fe©*t B o 

u 

•7 - * «fc fcB * * 7 — © v -fft © - 9 £ «t V- 
milB^ft^tS^-^^ISffi^-^iSSmKia-^v^Tv S5§3 

&ftx iui3fte^?-©«s#t4#¥iift;£ft 

Si^C, BUHB^S^©-7V>®jg^©f!|-&^liS-r 
[»5f?iRl 3] if5l?JS8{cg3tt©jS?^fi5l£aff ~>X^ 

[if ^11 14] if 8 tri3«©^^-«*®ff ^^r 
Huf3*e^* s > $JI^£M«Tr3 £»©#»««? 

[aw&ai 5] jgft^Ms^te£*tbT} | 6ei£^'7-© 
£ ft z> M^mm^ytvmm *n *> %m 43 
bu 13 %&. m> * r> — © jfcw^f* £ ts b t la^ £ ft fc 

©7V>®j;g#£3S£^;5ffi!j®^g£gfS£x B<iH33feeS 

§3 7 v > ti*s mm- * 3 ScS^ mm^% t n b t , 

tt £ #1- 3 5 ^? >tl*I 3 * 3 5 v >ift§38£^fie 
*7 -©i£HfSt£ £ ^& - 9 T 3 - 9 ^ 

h3§3#1ej£^ "7 — ©ttSISttA^Sfls £ft3<fc?tc^v 

>*8«ofij»«i[g«fe*iBi»'r 4 5 v >tt*a$ij®#© 



3 ) nm2 0 0 1-7768 

4 

[m&M 1 6 ] ffi&m 1 5 fcE*©3teilMI8-CfcoT* 
Hut37V>tili$B£3MS!fcJ\ HulBa^^^SP^MSt© 
8fiS©77>lg)!6^4l, B5i3S6«?tttl&gl5A s BU 
%m®L<D S?S^© 5v> I>€ ft £ bTBuf3^^>ii 

*<Offl^*WSEUTv 5v>ti«©*J»«fttttt*fM» 

tlf 1 7 ] 1 6 fcEtt©3fciS«»T *ot > 

huI3®S^^SI5-C-^^1- 3 ^SJ©^*^© 9 v >©J/@ 
ftfix {f^^^C*(t3*Uf#?fi*^f'tt©fflif473[plA s 5 
V> (c H& h <t ^ ^ v >tf*I 4 b £ 3 ^S0© 5 V 

[»5R*1 8] Ifsfciai 6{c8B©©*ti«^T-$.oT. 
H9ia5"V>*8«WJ»*Stt, fifilB«IS©^S^ffl^v> 
SMa;)fe©-5*>©4>&< lo©iKS^©vv>®je3fc 
cD»^tt*ft— «i:b, Iffl$l^©7?>iig*ffl* 

20 ^m^mmT^zii^mt-r^^mm^o 

im&m i 9 ] m*m 1 5 ^H3*©^ti*s§§T-fe-p-r. 
mmmmmv, z>tztb(Dfr®.mMy 

fat bfcc t^iRf^t^-rs^tiiggg. 
[it^ia 2 0 ] if 1 5 (cH3«©?ttitgl§T-$)o-r, 

#±*7tJ?l K— 7"7 7"rMlc^fbTa^#±M7n^SrS6 

-f v t $ tu 13 5 v > tf li MM* i: b fc - k i: f 3 3fc ti 
30 ta^o 

2 1 ] ifsfm 2 0 ca3«©Jfe««»t*-=>T, 

mu%7Tj ^mm^tsnts Bui3#±«7t^&®^oi^ 

jfeSj^kmllB^vVS&^ii^^bfc^^ 
fi{a^*©e^73lR)k{i®7?|Sl*e>Htil3#±*7C^ K— 

HUHB#±*7t^ K— ^7 7"f ^&®jabfc, 

?fc*Hui3^e^iKti6i(t-reab. iaB«a*«e^3te 

[»*«2 2] ^^2 1 (Cl3«©?tJitii§t-feoT. 
H0H3®«3tea*IS{i^ Huf3^e^S&i:mJs3#±«73» 

p _ y ? r j mzm x $ nfe^eir— * ^ b 

[0 0 0 1] 

SiM-TSflt^fcBibx 1$tx i^?i/«Mgfe*Jffl.b.T:t5B3 

50 3fcfej»-'? , 7-©**fiftt**ffll"^S« l JW^^ ^tJ'^x 



( 4 ) 

5 

z ti •& M&mytms > * 9- a & 

[0 0 0 2] 

SOlEV^feflPKSffiffl Ufe*S*fi (WDM) 3fcfiii 

#5£fclu mmoMcoybm^*: 1 *©*7 r -Y MT-e3£ 
$*©Ty:r^-K^gT-&3&fc^#Jj££#-r " 

[0 0 0 3] WDMftMfti'^AfcliSVT, f?fg©e 

d m ^ t, a & mm-t s eass-wMMUfli y-n 

;t*©S*«*«H4ft'h;* < -i-SiMMM* !K AMPS'* 20 

CD Hi Tjfifi & jgffi ?; § Z,t K AP * T , ^f^V|B.©.tB A 45 
[0 0 0 4] gSBg©WDM3fe«{iS';*7 1 AT?fcju ifeC^ 

if s.**H5& if t «t t> + *)na©3fceiti^ 7— use* 

<8W*^v>mKJ:*eiaSB©»***M*tt 30 

©3fctt«»©*l»©*fi13tt 

©e^Ks d«t*l«»*J;V*«MI8©MK«rtt 

JWW&Ktt* <S^#©««flH«* 1 5 3 0-1 

5 6 Onrntlfel^t, g$8 0kmffll. 3//m^ 

^•m->>y;U^— F7 7-fM (SMF) &ei£S&fc/flV'> , 

-©lIMtt-eti-eJifa 0 . 5dB*i<fcU#)l dB^fc 

(DCF) *««1f«»fcb-rfflV^fcfc#«I 
0. 5dBt%D, ±3a®CjBH-rs«IIH:% — 40 
x;nf>>A K — 7*^7 7^ /^i#4SS§ (EDFA) SfflO 

ft, itufa#ft7^W*£ffl^fci:^0. 3dBtI« 
5 d i: £ 3 . 

[0 0 0 5] dft£C£»)£bfe«S1$t4fciU 

(^■+*;MRx *-+*;HHIIH, ^pjVZr- » 'ftajjR©* 
SjS) fc«fctu •£©;*:# £#g&5o fCt, WDM* 

S. £©J;?fc#^**;i/|fii©3tei5^T7— ©ttJItttt 50 



1$M 2001-7768 
6 

m m$> mmx-mm?^ 3 d b t 

[0 0 0 6] fi£^v ; ±SB©J:5a:*ej3l''^17-CD**«f 
* £<b $ -Br 3 d i: ©T? £ 5 pJ^*iJf#^bg§^ fc^ii© f 

[0 0 0 7] 

|lsWjWif*b J: -5 b*>b&#e>s ±13© 

to, oJ£*iJf#^bg§^©if Aiufclt^T^SNit©^ 

{K^tt^M<b^-&SBJtgtt* s fe5. 
[0 0 0 8] M£i*'bZ <WZ.XibfcW^V-(D$Lmf 

[0009] 7^>mm&mmistztm£\sTit, mz. 

l£. $M ; S.Kinoshita et al . , 0ECC, 10B2-3, July, 199 
7, ; ili&ffe, rgtfifiagLDa^-y hftfflv^fc 
D C F7?>7 > 7h^©lSffl J , fI^tt$80CS98-58,p. 
7-12,1998^ci:•A s «l?)t^TV^S. Cin^©^C^C^$*x 
fctt^tt, 1 4 8 0 nmftF«0B&3fefl[£ffiffl bT^if 

raggrt ®^«f«7 5"f >*«-r s^^cj; 
»), ^ : Ji«>'r'r>' , ?©(g»^b*s<fo t ^ii*a^©jA^ 

^b&^ofe*©T-$>?>. Hi¥l 0-7 3 8 5 

&%Mb % m o fe^titsfesi * 7=- a a* ^ fix v ^ s . 
[ooio] bj&b*- zn?>.©^^>Jt4§^*'Jfflbfc^ 

^ # i b<DX'&z>tzit>, & mmm x- k b s ^e^/ 1 «7 - 

©iSft^SKi^i&^bfc^t^ -^©Si&CjtKbT^ 
v >tfi|s©*iJf#?S^#tt ^fl^t: ^b s« S n h am b 

ir t "i Mm b fcasftft ttAm£<pMtft * n s o 

[ 0 0 1 l ] ^BWtt±E©^it:#B bT^e^tifc*)© 



( 5 ) 

[0 0 12] 

-t$S4«<» qllg&iWf* ©Wfttt ^frii" 3 5 v >tf$g£$S 

[0013] ^swmttuw^itrett. #eas»s 20 

T? 7 v >Jf*I;* ft 3. CL©7 7>ti$|fci, ±E3tee^^ 
9— ©StS^tt*?f jB^iEfcfUff©^^** - *" £ «t 
?t7Y >®jgft©&:K^#l8Sg£ft-t V> 3 fc«V-, 

>ti*s^©wD MM^-3te«c43(t aftei^?— ©^ y 

#^4^-^3a^i^ci5V^T^e^^'7-©^Sft«f^4A?^ 

f.£*U ^v>tiiH^®gT-©?SftiHftS©ffl«A s *^ 30 
t:ffftft■tv^?.^A s < ^^^ftS. fit, ^v>tiB$iJ 

mmux-h, is^^-^jis©^-^^* 5 ^^- 
bVN* y * £ft-r. ytfcmw— ©^*#tt* sj pJS'fb^ft 

^v>ij^©/i7-©Afi^ mkytM^mu 

JK©WSE&£) „ 7^>if*i©*iMMSiffi^iJ^^ 

[0014] cnctti, *eas/tT7— 
mmi- ^ ^ tr\ ^^tmigpMm^ ^ *). 40 

Jiili^o^eii^'?-©^*^*^-^ bT77>Ji 
4g©*Jf$«aif1S ft £ »x £ ft 3 w D M 

7-©$il#i£#^fl!jbT*K ^©gf&£lfcbfcl£!»:& 
«fi^ffi© W« £ jlSIT- § 3 <fc 5 C 5 . 
[0 0 15] ±K©*fi15ti»JareiSK^T, 
vv>ti*@^ig^tt, $»©iK*^©.7V>.@jj@>fe£ 50 



001-7768 

8 

^©^v^e^fJ^SrpSE-b'Cv 5 v >*i*i©*iJ 

f#ifcft^£$OT^&£5£bT*>«fcv , >o ^e>c, SSt 

R!Rp it ©fSiJSWlS] # S v ■> C m & 2> <fc -5 & 7 v > if 4§ * £ 

b £ * s ®s^© 9 7 >j&^ s^tr «t a t -r 5 © 

*bn. 77>Bi83fe©ft<*to*sraE#ifei:b-EBu a 
$C©&ft?!?© 5 v >®j@#© -5 *>©'J>fc < i: *> 1 -=>©& 
ft^=© =7 v >Bie*©»^ttJB* -3£ i: U fife©®*??? 

© 77 >BM§7fc©#e£#!S£ fas br «tt-»o 

[0 0 1 6] c©«fc-5£t S^tTN 77>ig*g©*ijf# 
iSS^tt^x #^*^©®ie7fc©t!l^{ciiSbt^b-rs 

£0 0 17) gj&,£s ±!3©ifcM^IM«W8cfc-^T 
[0019] ^ICDia^. ^E— K7-f — ;i/Hffi©tMRfl9 

> t «t 5 ms® 9 v > ig *i £ # Z> - 1 

[0020] iaibfc^vviiiigic.tSTfeeis^r?— © 

[0 0 2 1] 

'^W(Dmm(DBli$, JilTx *»flB©HSB^*ftBIBC 
iS^g^^^-fflitMiNft*©^^^*®^ bfc^B 

[0 0 2 2] 01 C4ba>T> #l£M©S#«ffc«3u 

h^SPifcx i^^;ubf6^guit:^^fts^^>i : i 

I 



( 6 ) 

9 

[0 0 2 3] 7-;H*fS£SUtt* {Sj^tlSWDMfs^ 

[0 0 2 4] 7V>«MI#B£eB2Hu 
6©WDM«93t*7V>it«-r*ci:t:J:D, f-frY 

3g£gpiT-£bfc7MH>£ffif»bTs a^ + ^JHH©* 
[0 0 2 5] ^;H^^££fS3«U ?v>ii(H%«fe«B2 

e> m t> z ti s w d mii^cd — as £ m V ^ T ^{cjS/' S V 

1 t0 0 2 6 J 77 >ti*S©J»gP 4 f^b^r;*^ 

[0 0 2 7] dCTv ^7>^^©#S£iCC>t,"»-tg&liB-r 

Ufc«fi«Tf ©#ffi*fi^fc t) ©*iJf#^tt* s lfc!Stfl<Ji^ 

©ipJW^g^Cfc'fc-SSE*^ 7V>IM©tIi t) 1 

3. 2THz/J\*^«««[Cfilr«-r*. 30 

fo o 2 8]<ii2jfciu ^>ajgfcMc*hi-s^ v>#j 

TJHU 1 5 3 0 ~ 1 5 6 0 nm (fil 

T, C/n - > K^i:B&-r) fcb, 0ifffl#^»i&«l©*iK 

?#«i?4fi©^{±x im ^9t<DfASkifiS. < tfJW^Jf 
^5 (i£*tc*fbT;fe_h* s »?) *§1§r£ r +J tU *U 
f##i$'i>-rs (SfcRtcttbT^JTA*')) ©t&i&£ r -J 
tbT^S. 40 
[0 0 2 9] #HtCSvr«fc-5f-> ^WJtHfc-oVt: 

*t--i:* s T-g-5t)©i:#^.e.tv?)o ±IB©ft^ 
*^lciJ{tSvv>ti(B©*Jf#jkS^a{i> aiSifcKtf 
1 4 5 0 nm<fc*)fc3£V r -j i:£e»K * 

V^^-tC r+j tftot, ©jgifc*** 1 4 5 0 nm*>£> 

(Misk^ ^©^;ttffl#*£ <&£&©£#*. e>*i< 

o 

[0 0 3 0] e-93fcW«*C^> K^-TSWDM^il 
{f^^AtCOV^ ^l/bfS^S&lT-^bSfteig^ 50 
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•7 -© &sf*t$ £ -r £ fe © £ n S MtS^S^ 

#0. 1 dB/nmJ^T-fcScrfc-P'-fcgii&So M<f 
$ftft£rt4©*S&S©iSft*f <I *0. ldB/nmfillkt 

;Htf±3dBIgfio^ ff^©^(g* 5 3 0 nm 
T-^5©T% ttS*H4©tti«i: bTtiu ±3dB/3 
0nm = ±0. ldB/nmilitSCiitft-IS*: 

©T-&1>. 

[0 0 3 1] -e^T% ±i2©<t^^ff«tft#tt* s ^^' 

*W£s ®Jj£i£S* s 1 4 3 5 n mi t)^^!!*^^ 1 
4 6 2nm e t!)^Sfi!li;'55S. *Mtifcfttttt© 
jpJfefSftSCSfifcHB** 0 . ldB/nmW±J:)5c2.fe4& 
£BU HUxli©E13 t^3V^■t^ Wi$m.&* % 1 4 4 7 nmi 
»3?S$?*i!:}3<ktfl 4 8 0nm<tt)S^ftffl!lh'&S o b 

tts ©Jjgjg^* 5 1 4 3 5 nmi SSifcWiyi (-^ h*ff» 
£ r-j ©^iJffM^^S-r^^) 43<fctM 4 8 Onm 
J:»)g?aESffi!l (^;uhffif«^ r +J ©ftffifflft&S-f £ 

[0032] fttr, ^ v >ti(i^g|5 2 ©R{*;eg«:flSfiS; 

©— ^JSr^-THT-fe So 
[0 0 3 3] 04©«JE£T-(±, BSLD23Ci^T4 

^ ;i/ h = * 35 3 © * - * t b t 9 v > if ffimai 

gP4A^aj7J$nS{f^C«t'5^J»^nS. 57>BS 

©aS^^tlS*)©T-feSo *C*5x ^^T-tt, ift^* 5 ^ 
v>tt*§{Kft2 l©^7j(B!l*^^^tlS*i-&S:^b7t 

S«fiet.nI^T-feSo 

[0 0 3 4 ] t 'S3 5*fc}U m&XLfk X 1 4 3 0 nm 

£ b tz £ § © ^ v > if ^©jpJff^S^t* ^ ^-T 0 T* -=> 
t> 5 V >Jf*l^ 2 1 (a) SMF©!^ 

(b) ftW^fV Yyr-i n (nz-dsf) com^t 

Jl-eft^bTViSo 
[0 0 3 5] 05lc^t-iaCx ajB«*Aft 14 3 0 

nmt bfcfcgw^vvti*!©^^^ ^n-en© 

/J^^<Jott), a^^y— ©ti^t#oT^J»5b J ^§< 

JfeSCfc^S. ^v>ti*gj^<*2 1©^E- K 
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7-f-;i/H« (z;:^0*/hBB«H:SMF>NZ-DS 
F) #/Jn£<&SS£\ 5^>*«©»a»*M6<& 

[0 0 3 6] 16lt 5v>Bje#,>W— #8 1 
mW*3<fclM 6mW<Z)^ft^ft£oV^ WDMfg^ 

[0 0 3 7] 0 6Kfxt«t5^ ^v>ti4i<Z)#Jf#i£S 
♦HSfck 9^>»Mtt*2 lCA*Sn*WDMif^ 

[0 0 3 8] £££,$|?fci:> »jB«ftAft«*.«l 4 
8 5 nmh bfch £<£>^ v>Jf l^CD^J^#?fcS1f#£^t" 
EIT*fcoT^ ^ 2 1 3^ (a) SMFODig 

(b) ^>7h7 7>f^ (NZ-DSF) 
S^ft^ft^bTV^c 

[0 0 3 9] 07^t«ta^ B;@i£SA£ 14 8 5 
^v>Jtd«£f*2 lC^T, i£fi#:g<&£h*!jf## 

ticoj®]®^*^^ < & £ 3 £. * frfr & o 
[0 0 4 0] Uf:^T> ^;i/b»*»lTf^U*^ 

[0 0 4 1] ±iEbfc^v>titi^^^1ffi«iKS i RP'l4^ 



D 2 3: ^> nfeSI A, © 7 v >§g^3!)^ 

2b£^bT9v>*iM«E#2 1 

5« #1^LD 2 3, , 2 3,©ffilM*J8tiU ^;t/h^E~ 
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[0 0 4 3] ££t?tt**ft©»jl^#5^>:^ 
bTfc<fcV>o 

[0 0 4 4] S-^SCDB^^-^ix-eti 1 OCDB 

1—121 3fciu 2o<2BjgLD£^ft^ftfflV^S:^A 

[0 0 4 5]^ 1 j'©«*«aSM3 J:lfH 1 2 ©mi^B 
^0D^«^T : riT iiLD2 3,,,2 3 lk tC£oT£ 
jsfc£ftfcifcgA, <Z)^^v>B^* s (l^S^#7r-f 
yt*^bTiBSE««^«« (PBS) 2 5,t?^»Sii 
£i:i:*>^ i^LD 2 3,., 2 3n JCctotM^ti 
^«SA l (D#vv>B®^^ti^a^7^^> , ^^ 
bT*£ffl*^«» (PBS) 2 5,Tf^ift*na. * 
bTx S-^A,,A l (3DB^> l 6^WDM^^^2 2aT* 
-gi&^ft&^fcx WDM*?7 2 2aS^Ut77>Ji 

f§^2 i^«s&^nso : mi3<Dmxmmm%i 
<Dmmx-i*, gtssiB*^«*2 5,7 2 5,^»snfc 

#ifcSA, , A: ©»jE3fc*«*n*nWDM*^ 2 2, , 
2 2, £^bT^V>*gp^*2 1 Cft»Sh5. 
[0 0 4 6] ££^<JII1 J^SVTcfc?^ aiioa 
^B^M^Sl 2©BU^®kSi:^3fi^-&to^:T^lRl 

£fc> aacDBjeLDK:^j56bfeX**— SW 



50 



D M<&8S§£/8^ 3 - i: 4> T- & £o(il 1 5~^I 1 Jttx 

[0 0 4 7] mi 5<©«#»eSL Bl 1 6<Z>fiu#»asa 
43J:Wiai 7(Z)^jRlBjBS©*«J5K"t?a:> MLD2 
3., 2 3i-CJ:^Tftj«Sn&*««Ai , A,©»fift 
WDM^SS (WDM MUX) 2 6^ctoT^»^ 
ti, WDM^37'72 25^Lt7^>Jiilft2 ll:« 

[0 0 4 8]^CT\ 2o(Z)^ficoae%&ffl^^fc^^ 

fcf, jaSSESA, * 1 4 3 0 nmi: U B£3i£ftAt § 1 
4 8 5nmhbfci:&K:#e>ns^v>Ji*acDWf«?S 

[0 0 4 9] 01 8£^-rJ:5£> *iJ»«[S«ftt©«S 
(ffi^ia) #5W-H&£ cfc3&2o<Z>«gA 
, , A, CD#BS3tt*fiffS®ill^ (B"Ctt 2 0 8 mW : 5 
7mW) ^9v>ifffl«E#2 1 C«|&-rsc: fcfc «to 
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X, lo©«ftAi©a3B3tt©»*^5©^7- (H^ 
l±17 0mW) ?«»6UftJ:SCf»6ftS5v>«(|0 

iqj ± £ 0 a - ** *j IB c ft & o 

[0 0 5 0] *(c,''^;i/h^3i^^3©^WftffiJffiC 

1 -5 4 3 7 4^ ; K.Otsuka et al.,EC0C 97, Vo 
L2,ppl47-150(1997)*S#RH) • dCT-tt> ±ii<Djj 

[0 0 5 l](^r^ii, h*=^SB3CD«fJ5e©— «l 
fcSVT:/n**HT?*S. Hi 9cD^;i/|^~*Si$3 

CDWDM(B-9*©--«**&C2^tt"ra3tt*^ , 5 3B 

h N sas«(!p.s.*$*? ^ ;^ 3 c, 3 d 

*»(PD)'3E, 3F^ =&§^t§3E, 3F^?>CD 

[0 0 5 2] *7>fM3Ctt, )t*77 3Bf2M 

©«9***fcffi«t"***^©a*aKUl (ASE) 
*rv3BT-2^«[^nfcffe^CD3teM^e)x m*A±> 

mnm c * ft a a 

A S E # Srttttlf ^ *> ©t? fc ^ o 

[0 0 5 3](^^i> S*7^W3C, 3DT*»£B 

^^iC, CCT-ii> 3fc7-f;i/^3CCDaift»«©*'&« 
*A,*^«**«A.i.©Jfi*«l2»CR«U * 
7 -f 3 D©»j^«©*ifc**ftAa 40 

3C, 3D©aiS^tS^U&l>T**??, 
3^^«rtCe^*^**i^v^|BH , Tf nTIB«cl8D»< 

1 nmgKC|»g*ftKJ;^o 50 
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[0 0 5 4] %7.^>? h;i/^E-* 3 Gfcfc, 3 

3 DT-fflaj$ns^gi3 FT#«£tsis*ix&e^-* 

aSfcSft«[fiiE«©ASE3lfi^!7-ft*«), &ASE)t 

B«*SR2fc:7-f — bvt^^fSo fc£U ASE*^ 
tt, W^fcASEJteOJt^ttfiCWUT-S-e**^ 

[0055] &4b\ ^e^^-^s^i*^^-^^ 

Sl^^f ft^t i:cDT?5f a-t ^;i/7 >f ;i/ 

[0 0 5 6] ±iBbfcct^ftS*«J5E (Ell) ©itt 
[0 0 5 7] ^v>Ji««*SB2^t±, Huffi^tf!)© 

h tens bTia^^n^m^a^* 5 ^^ >*s^ 

»2 l{Cflt«&$nT43t)> f;Vb»4ai*6©WDM 

2 ICASSns. 

JKfr2 lrt^e^TaWDMff^*(^C^lJ J;: ^^^ 

g 2 3>&% -r j: o ft * &m<D yt&m ^ 
jf(S*^»2*6ai***ia. 

[0 0 5 8] CCD^V>«*i^gP2(Ddi*^©— SB 
[0 0 5 9] ^;i/h^^^a5 3©^-^^S§t*fc^ 
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[0 0 6 0] HflKfl9fctt^H4-fc>i*bfcJ:3fci|l— ©tt 

®jj@LD 2 3©ttS^J^'7— WftmZtl, I38~ 1 

. ? £ * bfc <fc -5 £«&©&S©fiJj£7fc & v V > Jgffifttt 

[0 0 6 1]^J^.It 2o©tIA, , A, (A,<A.) 
St§£\ M*b^$iJ#P;£i£i:bTfcJ:> ft»R{PJl©^SA 10 

©«w»«^t:ji6 bt\ ^Rfji©i6ft a. (Dmmft^y 

[0 0 6 2] igjjpHU 09*. «s ifcSA. = 1 . 4 7 >tz 
m®iS*^7-4-ti:U ifcRA, = l. 43/im 
©g&ifaft ; ft^fb£-y-fei:i£©^v >*Jf#©iSfi!Kf 

Sft^bfcEIT-i&oT^ (a) fc£, g/J^ V >*ijf## 4 
dBt^Si^Cl. 4 7/xm©ie^ , 7-&8 3m 
WT— ^hbfc^©iiJ^MT-fe»)s (b) (£, 
7^>ipJ?##6 dBfc&SioC 1 . 4 7/zm©®;®^ 20 
;s>7— ft 1 3 3mWT— bfc«-&©ffl/£*S*T?ifc 

So 

[0 0 6 3] 12 4\C7j%-tXolZ, 1. 4 3/zm©®jjg 
%W-r ft*£ <-T2>iiht>^ 7 V >#Jf#©?fcSt2M4 
©aT* J t)©<fS^A s ^#<'5cSC:^AS^5o Se^T, 

j©bT> i. 47 unKDmm^t^v—^m-r^mmim 
•^ft5v>*««i»aj4#*j«-rntt» ^©vv>tt 

30 

[0 0 6 4] ±iibfei^ftS*ffijS^tts^glcJ; 
tifc^ £-7-v*;u©ftes&^?— t:M^\y3r#£bfew 

©iSS^ftifflMffi^ffbnsfeto, ftSNJt©3&fbftM 

£££i±, 7v>ti<is^aj2©#Aa*feJL± 

>if *g%£SB 2 C *5(± S v V >^©iflJf#ifcRft1$ft$lJ 40 

»-r 5 «t a c b fc c: t x\ ytfcmw ■— © «««ftt * <t 

J±> ^ffl^-s^-^^;^©^ J f'«ft* J f'«t:^<hi.-rs^ 
y.=r a t ~d v> T^t^r^n? $> 5 «, 

[0 0 6 5]^^ ±^Lfe<fcd«:a*«fiE* s iiiffl^tl 

[0066] m2 sc^^^Aii, ytmm&w. 50 
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(os) 5t^mmm (or) 6h©p^^^ejss§7 

T-S!i^Us *©;ft£3£S&7©j£4'fc:#ti*ig§8£E«U 
T> WDM{t^ft©4M«<K&ftfT?-)&a5fcWDMftii 
m^^^AtoVAt, #(fif«Effl©3fc(EjiK7&7V> 
tf*g{£te£:U ±j&©a#fit^ft®fflbfc*>©T-;fc£«, 
[0 0 6 7] §^KP^©3te^SS7©m 

tsm t %m *ss 8 © a^js t ©is c **ve*xwD m* :r 

72 2 b#a&»7?>*U SJiSLD 2 3, A^ttS*;**!^ 
11 4 3 0 nm(DW)1&iti5&T$WsWL'D 2 3, *="S>t±1^7 
instil 4 8 5 nmfflIg*SWDMA77 2 2a 
-C-&^bfc®Ijg7t^ WDM* 7*5 2 2 bft?>bT7fe{S 

3&s& 7 ©«#fi!i# ns. ai*^ g-?feif*i§§8© 

7>K^ ft ffl v > T ft&ms * v — ffl$?*f# tt ft * = * "T 3 

;u h ^ 3 #§§:»:>- fens., ^©^i/h^— ^SB3© 
^-^se^tt7T>tfts$ijffligc4{c^e»ti-rv 

[0 0 6 8] Itfcmmi fcLT^ 1. 3tfm 

S M F •£#fcS' 7 h 7 r-f/t (DSF.NZ-D 

sf) ^if^v^e)^ iow^ep^©*^^ gfy^. 

{54 0~ 1 0 0 \iTnmAt£1xZ>* £fc ^tf*S^8i: 

iriiv ^J^.«^;i/t:>>A K— 7%yr4 J*mffi$3 (E 
dfa) ^©&»©7tti*iSi:l-scfc* s -c-^s. 

[0 0 6 9] z<D£oizmi<z>nmftmT'it, ±m<Dm 

8 Ufeilffl77 >Jf*S^gB 2 *s#*$SEMt^ 

7teeMSS7 as^u hfs^as 1 & v>ti«^gp 2 

©5^>Jf»i^2 1 {'ffl^^S. MLD2 3 

. , 2 3,AS®j^^a5tffl^bs WDMA7'7 2 2 
a, 2 2 b#®jg;ft{ttii&g|5C*BS-r£„ «t*\ 2®iffl 
t>*KIHJBl»T?tt» ^JS^Si.^^h^gPl©-^ 

[0 0 7 0] A»^i.«JE!K©^ l*5E^Tttv 

-7 -©ttj o fc W D Mff ^Tfc^TfciiM^g 5 W 
®!©^EF^©7fee33IK7fc:j3l{±i^tiS. c©*e^ 
7 CBU SI1 430 nm©ae^*D"«fc^S 14 8 5 
n m <DWife% itm S©^ * "7 — 43 <t r^fJ^-r* ^ fLT ^ 
£fctf>, 7 l 6eiiS&7tH*©»^«ft^'l43bs^v>ti*g 

fcj£S§7 ftiljabfcWDMfs^ftttv &*-**JI'<Dl/t& 
^^V-*s«S«5ofc*)©i:^So 
[0 0 7 1] Wf£©f aES©ftej£f87#£ZWDM 
^T - ^ 2 2 bftiii§bfeWDM{s^ft{±x fttiti§i8"C- 

AitS©i/^n T-ti*s$nt^t»:®©fttej3is&7 cas 

WIS©**»EP^©^-&fcl5l«©i&^* s ^f 

[0 0 7 2] §fttf*a^8A^tti*$nfeWDM 
(f^-fti±, ^©— SHifi^y^ 3 AT'7>*5^tl5 : --'l/h ; E 
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£ ft tz W D Umnt/t C O V ■> X © IbBM. rt V -© StS^tt 
tftr^^ht^ *©^r:*jg^#5v>ii*sl&JSPg|5 4 
£7^ — Kny7&ft3o 

[0 0 7 3] 5v>ti»s$"WSi5 4.T-J±, C^*> 
H ?i?© W D Mff^-tC o I, > Tfc&&M(Dytfcj£> * V — 

mw<D<&M&.f'$cD&®miji)fr<->m^ ^*i 4 3 0n 

m©S6^^ 9 — ©t!|-&#*£ < & 3 <fc d -eft^-ft© 
IEI&#<S#ftJ$P;*ft5. ^^ffi!l©^e^^"7- 

i:, $S 1 4 3 0 nmClg^^-fflffl^'^? < & 

i. <k o iz&mm l D©igi!itt^A^fi«i^ zm&mwif 

ftSo 

[0074] o^t), ^ ^>mmmm^4X'it. ytmm 

^7^A£#©e£!EM££^]i:U ^{©{Rllf©^*^ 

bxff<o zcom, m®.cD^-?>m<m&x-mtific?-j\'b 

"SHU ®^©^tt«t-D^T^«Sr«t^f-r2.^hS 
[0 0 7 5] C©i^tbT, ^^^©^{si!^? 

v v >tg *g£ J: »> mmz ftfc WD Mgf 

*i±> ft&mmsGicmztix&tiimvm^ftZLtiz-fr 

[0 0 7 6] CCT% ±sa©.£5&WDM;ftii{i->;*7 i 

t-©eM^«i, i-?wm&.ffliz-3^xcofcm&&., 

8 bfcWD M(g^©eil^*»^S i>© £: 

©#fi^-£K@bfe*>©£<£ffl bfco 
[0 0 7 7] l§2$B\ ^if*a3§8*>£{±J;*j;*ftSWD 
M{IWS>7— ©»ES^Sr^-r0t*fe5. Cit-lt 
giii§7 C7V>iM^«J&b)5:^i^ «?§1 4 3 
0 n m®iS*© 5 »^ MS. 1 4 3 0 nm 
MV1 4 8 5 nm©^®®)fc$:filf^©»|-&T*tt^-rS 

in^ro^t, ^{^^-©i&e^a^ft^ft^b 

X ^ o 

[0 0 7 8] 12 2 6{c^i-<tat:, 7V>iMS» 
L&^t|£-£fci\ {i^©?£e#A<fc3©£#5&:-=>T 
#fcj£^9-#if7<t-3x £±#!3©^;i/b#3!£bT 
V^. dfttttbT, Sll^©#t^&fToT^v>ti*a 

# it$xi$ ¥a^*> © £ £ ft t v> £ . 

[0 0 7 9]#*2.m> 3tt«l«»8<Da*Jifc*V^T:«l 

£bfcift^gi& (nf) ®^*#tt^-r®t-feSo 
c-cfe, ^^va^c^tt^tjESbfeM-^ffilS©^ 

14 A 5 ft^Pft m b T £ £ . 
[008 0] !27t:^tJ;a^ v> >Mjiia;ft 

t^vMi^ii, m&m$nfic^>h'm±MicM.^xm 
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7 dBfc:&oT<^3©{C*fU 1 4 3 0 nmffligJtS 

f«&bfc*gi§r£tt, ^sw©^^^*^^;* 

ftT^S-r il&ft<l©J£^iifcfc:o^T 

ttu 1 4 3 0 nm©Sjjgft£l*&tfc$&bT*>afe#£ft 
-f> WDM* 7*5 2 2 b©»Xa^t«JSbT 

[oo8i] ci©s^«{sa©e^tt©ej?#©fc«)^ 

{is ±j£©igi 8C^bfc«tatC N 1 4 3 0nm*J;U* 
1 4 8 5 nm©2o©SE«©Sl@^&mS©S!l-&"e^ 
10 -rftfcEJ^o dft£«fc!K 1 4 3 0nm©ii@3tieit5 

b t § k » ft s ^ >ti*g©*jf#iS*it^ t. m 

^#tt#SISi£ft5fctf>> WDMA77 2 2 b©JfAtI 
£W±tc|${i£ftS<fc?£&^ 02 7{c^-rioCC 
A> K^^tM?.$IWm^©(S^* s 0?.ft5o 

[0 0 8 2] c©iat^i©sii6i^©wDMy6a<f 

{|t^bTvv>^|g£|g££^5i:h*>£, 

^gP3 zmvx?^>mWiCQmm%im<ft&*Mffl-? s <t 

«t!5ci:AST-&v ®ftfce^t4&*1-SWDM^ji 
7 9- A 5 SOW- S - ^ * s Rltg i: & 3 o 

[ r p.o 8 3] »:^c,[p2©^^iff^cov^TiftH^f 

*ji§2l&BU m2©^6S^©WDM*3lM->X7 1 A©5 
[0 0 8 4] 02 SC^-^^Ati, ^Jx-fis ^<EjelE&7 

xt-iMtrnm 8 ^e»i^ft-r s twD mis^k 

^b5«S7>S!cSs ^Sfa^g6©Hu©H»A^ftfc^ 
**HR7 7"f^ (DCF) 9tr<toT««-rs«EK©W 
30 DM^®^I'>^7 i A^C^'V^T, -€-©7>^C*t«7 5"f 9 

*5v>*«JHM*:i:U ±iE©«*«)5E^aeffl bfc*© 
T*$>S» i©J;d'Ecfei5ISS©-gB{r7>fC«(»7T 

SMFeii^^jpJ^bT 1 . 5 5/imfOWDMIf3t 

£is;nei£-r s fc tt> icm^mmifimtb ztix^zi/xr 
A-e^s, lanttSffffiycg^fiKw^^btfet). 
mmm<Dffif&iz o^t t±«is b t fc s . 

[0 0 8 5] ^»fl<]ttt> ?>«!cffi{»7T^y^9©tB^SS 
^^SftS«6©A**Si:©PdtWDM*7*5 2 2bA J 
40 |gl^?>ft, ®j8LD 2 3, *^m*^ft-5lS«l 4 3 0 
nm©i!l®^43J:tFl!j^LD 2 3> ^e»{±i^^ftS«[* 
1 4 8 5 nm©]56®7fe*WDMA7 , 5' 2 2 at^Ibfe 

®;^* s x wdm* 7*5 2 2 bi-fi-iyX^-mmmyy^ 

^^9©^75--ffl!l*»e.^^ft€>o ClCT-tt^gfSS 

a 6 -esft^ftfcwD Mm^im^x y6fcmw—<D 

«ft!Rfffi ^ ^& - ^ -T S h * — ^ SP 3 tfa&Jt ft 5 o 
4tM^ftT, »^V>tfi|B$lJfflIg|J4*f>^Jil^LD 2 

3, , 2 3, cf&jwf^a^ft^fteji^ftSo 

50 [0 0 8 6] 7>fcM07r^>'^9{±, ^fe^S&7©^o 



( 
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3t77-fMT*S„ d©£«{»7 WM9«i, ft&m 
SS7 £ btfflV^ft-5 1 . 3/zm^fcSMF^i:lt'^ 
Tx ^e— F7-f — ;i/ Kg#0!lx.(£4 . 4>um©«fc-5£'.h 

[0087] z<o±oizm2<DnmBmT'&, ±M(Dm 

8 tc ^ b fcfitfiK© 7 V >:tf *S$B£35 2 $ ftfc * © 

fi» 8 * «t rffrwm® ? 7 4 n 9 &m us -r 3 C £ tc & 
[0088] &ib>zmi&<Dm2nMBmx-&, Ei^b& 

mutatis. frwmM7-rj^9*mmi'tzWDMm^ 

Tfcfcfc, 2 2 b£3ijfibT#§{a$Sg6T-§ 

gfi#©-^#^;i/)^^*SISiCi££>*x3, f- 

jgLD 2 3, , 2 3,©|gifrtt»S#f6iJ$l;*;fc,.5. 
[0 0 8 9] i©«tdt^2©SIM^©WDM^31{S 

-©^!|f^4^&gl!;0<Jtffl«•r?.c^:tfT•§^ flHxfce 

i£fttt£*-r3 WD M3tl©->^rA4Slt5 - 
[0 0 9 0] ±f3Sg2©^«Sffi^T-fciU #tMf<» 

77-f^9 *s«^©©^*i*si§ 8 tyt&mmm 6 t ©bb 

1877^^7? > t b T #Jffl -T S z t ifi qJ 

fgT-J&So $£«x 1^2 94C7jrr«fc-5fcx 3tetei£B&7© 

UJ7jigi:3ietiiis©A*sgi:©sciag$nfe^ffl® 

77^n9' fc^v>«g;)fe£{jy&t-£J:d£bTfc<fc 
[0 0 9 1] Sfc, ±3£©<fc?tri£i£B&£^>ii*a?- 
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C^n^C 7T>ig^WDMA77 2 2 b^?> 
eiMS&fcATJ-rs^'f >h©:3*7# (aj&) #8?#tb 
T V > 5 tt^ ^ 9 — £ '£±tz X/'OV * T'ffiT $ -£ S 
«it££fl&*.33s©iB5a j fc3. 0 3 O©filfS;0!lT-(±> W 
DM3b77 2 2a, 2 2 b©S^7>iS* 7*5 fci&tt, K 
7>H£ * 7*5 T- a £ ©Sttil t) # i: ® j@ L D A> £ © 3 
SHft#^ft^ft7}fl£;*ft> 7yr*-^ (ATT) 2££ 

-fr\sXy*vy-i*—\< (pd) f§*$w. ^b 

-ifcH.fc'K aj&£fcM*33*7**^ftTV>£i:*JBft 
bT -^^ffll&seLD ©*©£;*- 7 tcbT, a^©^W 

[0,0 9 2] ifeK:^3©|llifl$pk:ov^Tl^iB^■r•5o 

[0 0 9 3] El 3 llC^JV^T, **6£ff^©^tffl8 
Ji, 2|&«fiKhbfc^ii*agB (EDFA) 8 1,8 2© 
®lfflfclTSE*«ft» (VATT) 8 343«fctF^*« 7 
20 7*1 K (DCF) 8 4 £ffiBb;fe£:*a©7fcit*it§£-^ 
HuIH^-S!c«(t7 7'^>'^8 4«97>J8Witt:&U 
± &©*#«*£ b fc * © T- £ 5 o 
[0 0 9 4] Uttlfttcau B5fie©y6«tBgP 8 1 ©ATjSffi 

8 l©m7J^ttt> aT^MaS8 343«t^i!cffl{»7 
7-Y7t8 4^^bT^©ffl^JttSglJ8 2(DXttiUifimm 
£ft£. rfeti*ag|5 8 2©tJb7jJS^(i, nr*3t»<IS8 5 
£tf-bTtB7J#— hOUT^gi^S. 

[0 0 9 5] Mil7 7^f^8 4©{ii73SSt»©©^ 
30 ii*i958 2©A^jSSi:©H{-0:s WDMA75 2 2b# 
ISIt^tV, I^LD 2 3, ^^tiSTJ^ttSiSEft 1 4 3 0 
nm©lj^a>fe*3J:VlJeLD 2 3, A»f>(H^^tlS«tS 
1 4 8 5 nm©iM^WDMA77 2 2 a^tlt 
S!I^>^) S ^ WDMA7-7 2 2 b£^bT?>l!Stfi«:7 7--f 
/^8 4©^<RUA>e>W«&^tl-2>. 

[0 0 9 6] $5,t:, ^Sl©3fetf tSgi5 8 2 iiHlTa^- h 
OUTfcCPICtt, »77 3 A^iag?^ 

7 3 Ac^te^^fflviT^e^w— ©iftS^flt Sr^e- 

40 ^gP3©t-^^*{i^v>ti<i$ijfflia54(c^e,nT. 

K^^>ti*a$<JfflaJ4^e>#®J^LD 2 3, , 2 3,£{M 

[0097] mm<Dytmm& 8 i43«t^ig©^Ji*sa5 

8 2tbT(i, fifij^.^ 1^^2x^-77 7^^ (E 
DF) ^©*±«^ H — 777^f >'N*SfflV>fe3t7r'r 

A-tii^fft-etiisfflsns. =&^fiti*aa5 8 1,82 

X-&, 9 8 0 nmffiJifettl 4 8 0nm^©SS4f 

-rsjaja3t©tt»*s«-TajettJBfc*nfcEDFrt 

50 ^Tttf-SbTtita^tiS. #l;U£HuS©5te 
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ii*SS5 8 1 ©ffljigftifcR£ 9 8 0 nm^i: LT#*f*Ig§ 
©fflBiifftifciatK ^©©^Jf*igP 8 2 CDJBljg3«tt&& 
1 4 8 0 nm^hbTiStH^bSHS-r-Si^tCbTV^ 

A' 10 0 9 81 *3W*MB8 1 , 8 2£fct, *Jf#£ 



G Q^SS 8. 1 A,^ 8. 2 A#-£i%-e;ili8 
g^ntl^o *AGCia»8 1A, 8 2Ait 3fctf*i 
S58 1, 8 2<OA*3teXWIti*^<3D— SB***^^ 

* .«» #F/r Stp-^fC i: £ «fc a fc Sft® 3fcn y -co g ft 

too99] &^*i*i95 81,82 cD«sc*n*n» 

»"6iX&nI**»*a8 3, 8 5lt ^sb# 

£ *> iiKfi £ *f b £ £ C i: © * £ fi*P©3fc^S 

^n&# 8 3, s5(D%mmm 

tt. AiJJ C [3E8 8 3 A , 8 5 A#&HWj£*lSe^lc«fc 
^T^n^tl^Jffl^n^o #ALCtlK8 3 A, 85A 

«fcafcoT£3fe«K8 8 3 , 8 5©3fe«s*& 
[0 1 0 0] »WI(|77>f^8 4BU 
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[0 1 0 1] £®£5£!R3®30mr?tiU ±i£<£>EI 30 

"CfctK »SWit«7 7>fM8 4#^v>*f«J8Efl;2 1 C 
ffl^-T^o MLD 2 3,, 2 3 , #AjB3fc55£fl 

tfflau WDM*77 2 2a, 2 2 b tfBfijfe^t&S 

[0 10 2] **S«j«©3fc«!«S-ettv > I 

NCX*ShfeWDM«9J6#, Hu«©**t««8 

mztis AGCW8 i ao>»j»k:j:5*i»— s-eBfB 

WDMffJttt, «I^«SS8 3£33te>*l> ALC® 
BS8 3 A©«SWCJ:-!)HfK©— *l/-^WfcS*tfclft^ # 

I(II77^M8 4£j£«&ft3o *ft»«7 7-f^8 4 

#«#ffi«£ftS©fcP)BSfc^ i£* 1 4 3 0 nm«i^ 
1 4 8 5 nmCD§fflS3te©^^^ctS?V>Jtp^cto 

£ o 

[0103] frWmm7 74 * 8 4 LfcWD Mff 

9*tt, WDM*75 2 2 bi?Saj|l/T«a03fc«f 50 
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S»8 2Cj8&*U AGC0K8 2A<D#J»CJ:0*I»— 

[0 10 4] iiTX3fett£8 8 5lCiS6*lfeWDMe93t 
fcfc, ALCHSS8 5 A©W»CJ:!)BfK©— ^U^fc 
tB*sl«— hOUT4>6^»tm**tiS« — 
^bt=^»3Tftt s -«S©3fcit*B»8 2*6ffi 

-€-© ; E^^Sg^* s 7V>ti*iSiJPgB4 
fc7 4 — K/ty*3*iT» &@@LD 2 3,, 2 3. ©SB 

[0 10 5] C©J;-5t®3©gyfi^©3fcli*iSt«t 

3 SaSttT 5 v >tt«KD9JttttjM3tt&ftWf £ 5 t 
l/fc£fcT?> 3fefeaf?7— ©ifcft#t££S.S!>i$Jfc*tf9?" 

WJi»©<giffi&l25£fc#^tS.^|2,3.^Cttx 

«7 r -f ncDjfAa^CWtS *#««©*!*»»©* 

ft;©— 0d£jj*bT*J<o d©<fc5&*ti«i3§£ffl^TW 

[0 10 6] &*5, ±83SB3©fSMBBJB"CB\ ti*g$tl 
3, 8 5*s, g.3teti*SgU 8 1 , 8 2©ffi^Jffl9C^n^*L 

[0 10 7] mZ&. mZjkmT&olC, ^g£W©nI 
8 5 ftWDM*77 2 2b i:3t**BSB 8 2 © 
A*«ii:©rafcffiSL/Tt)«t)3Et^. £©«*&©*§-&£ 
Hts ql^3fcj««88 5^^ti»gg|J8 2©tB*ffi!lt:IS«t*: 
«6fctt«£LT, J£##tt* J ^<'feSt)©©®l^*© 
|pLt£®5Cfc#pJi6tCfc:5. ±1303 1, 03 

3©#*J5E^^^5V^T, b5©{BJ© Pl^3fci«*S 8 3*±V 
A L CUSS 8 3 A{±«BS-r5Cli:feoJtgT-ife?). 

[0108] £ 66:, WitttH 3 4 Cjj\-r«k''5 C, mi© 
©^Ji4sgP8 l©Ui*i^fc^-t!c1f«>'7"r>'^8 4©X^J 
*«4;©|H|K©*Rr*3fe««»8 3ft»t^ ^©©^ii*l 
S 8 2 i±S* S ti 5 W D Mff^^ «7 — * A L C EES 
8 3 AT't-^ UTx *3CTMMW>tti**U^^#-3e 

[0 109] ±i£Ufc^l~3©3ISfi^T-(i. 
fe* 5 , ^htHSt.ffl4, 9~17tmbfc 
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[0 1 1 13 S3 5fc^-r^BSI±. 09£«. ±IB!B 

p-:/3te7r>f>t (edf) ^ ?y>f llft 

[0112] RttttfcBu m$SL<Dytmm& & i<DAtim 

ft%T4 VI/— *8 6A£^UTA*#— h INfcgSK- ■ 
£ft£o £©Jfcii«8P8 1BU EDF 8 la, S&jgLD 10 
8 1 biai^WDM^T'^ 8 1 c£;£ U MLD8 1 
bT«lt9 8 0nmWg*^ #7-fVI/— * 
86Ai:EDF81 a©A*«fc©IHKK«*ft&WD 
M^77 8 1c^bT^ EDF 8 1 a<Z>HU#ffi!b&>&0fc 

*&^n^>o its ijgLD8 ibit ^csiagB* u 

tie TflJfg^MgffixT v * * • 
[0 113] au©CD3teii«SS 8 l(D\h±i^\±. ft^-i 
Vl/-^8 6B*J:tFHrSE*««» (VATT) 835 

<D3t*tflSB8 2i±. EDF 8 2 a, MLD 8 2 b&cfc 20 
OTDM^j77 8 2 c^U aiBLD8 2b7?«£L 
fe 1 4 8 0 nm^©tg*^ E D F 8 2 aCDttl^JBffiJ 
tcEt^tlfcWDM^77 8 2 c^l^ EDF 8 1 
a©«#«*»&eM&Sft3. 

"'[0 114] HU^OD^iStigP 8 l©ffl*«k*7>fVI/ 
8 6 BCDffS&CteU WDM^b^ 2 2#^W-£ft, J© 

L LD 2 3*&a*SftS«ft;L4JJ^ 
3ft#v WDM*7? 2 8 1 aQt| 

[Oil 5]^f^^^g§A2^ffi^^->OUTh 
b ^ * ffl 3 #tttt 6 ft 3 . - V^fr K ^ - 3 © 

JtB*j»SB4**e>jajeLD 2 3c*wfif*^asK 

[0 116] ^CDi-5fc»4<OllSliJB»8T-{±, ±i££>0 

EDF 8 1 a^^v>J#tS^2 1 teffl^f 40 

[0 117] A*/*-h I 

NtCA^^nfcWDMff^A^ ftT-YVl/ — *86A 
*^L/TSua©**H»8 ItaS&iix WDM*77 8 
1 c5IoTEDF8 1 aSfiffitSo :©EDF 8 1 
atctt, MLD8 1 b"e«4U&9 8 0 nm^CDBM 
ft&mJS&bl&lfeZtlX^Zttbfc, »j@LD2 3T? 
3S£L& 1 4 3 0 nm©7 v>Bjg3t#«A«t 
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[oii8] -ebT, ytrnmsns l-ema©!/^*^ 

««Sft&WDMfi<§3feHu WDM^^72 2, 
VI"-* 8 6 b;fc«fctfWaS3teSH£S8 3£^LT«®© 
#Jf«S8 2C2S6>*U 1 4 8 0nm»©»je3fe*flill&. 
StifeEDF8 2afte«-rS3i:TfBfB©l/^*T? 
tg*S£ft£o 2*6ffl**hfcWDM«** 

*©— »**(tt*nT A L CE18&8 3 A&*Tf*fU 

~*SB3£i£S>ft&o 

[0 119] A L C0SS 8 3AT?tt. fflM-bOUT 

^e>m^^n^wDMft^©>'w~* s ms^--^v^ 

;i/t&£<fc?£^}te$c*§§8 3<Z)*i$Jt»£$«-r3 

fc, *-;H^-*ffi3-CB\ ««©*»i«8 2#6ffi 

^ ^ ^ ^ sss ^ s ^ v > tjgf&j was 4 

£7^ — bVW*£ftT^ JffliB L D 2 3 CDEiftttffiASffiiJ 

[0120] z<D&5i£m4<D^MfcM<Dftmmmi£± 

ftfc£ x EDF8 laC7V>flM^UT77>ti 
||'**4$t8h^^ ^;i/b^~*a$3£t£ttT^ 

[0121] ±$nm4<Dmmmmx^ ytmmm 

a^-fctt, fll*3tt«ft«8 3 ^^|SOD^Ji*igl5 8 2 CD A 
A»kO|lll4^lttl«77>f^*Rlrt*J:M.J j 
fc. SUISSE. U F. 8 l.a C±?^iMMIaiiiJi 



[0 1 2 2] *C^VE5©Hffi^^:c>OTSftB^-rSc 

[0 12 3] 0 3 ec^-X^AJi, t*l;U£> ±13^4® 
EDF 8 1 a^jijabfc^^Vffllie^C^Tt 
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[0 12 4] Jlffclftfcltts ®jjgLD 2 3, frbliitlZti 
4 3/zmCDffljje#i:> S&jgL D 2 3, 

2 2 a^«**ifc«fc. |ua©EDF8iah^ 
yi/— * 8 6Bfc©IBfcRI*&ftfcWDM*:/7 2 2 b 
§iMT> EDF8 1a©S»e)i^Wo §1 
jgLD 2 3i , 2 3: (DmmVtmit, ±Jfi bfc#KIB»MI 
6Dig^-i:[5l#^> ^;i/b^-*^3<©^~**§S£t£o 
T9v>Jffi»J«!«4K:J:!)WJ»*n*. 10 
[0 12 5] it EDF8 1 aCDHuS^t^ 1 ocd# 
-bP,, Pi, P^StSM-^lz-^lOO^ 
SltfeJlS. £©3fc1t— * 1 0 Ott* *— VP 
i*»&^bPitcra*>5#l3k #— hPi*>£*— bPi 

, ic « Attmvftfcmm 7 £ tf * ^ -f * £ t) 

»«Sft*. #-bP,i:ttEDF8 1aOfif 

*X*«#8«S^ #-hP 1 lCiiWDM*7'7l0 

j-u-^ i o bP 4 ^&©m*r**e-?-*jBR^ 
fiLmm<D^m&. i o 3#Eisns. ifc^^t> - 

£-e(i^fc1f— 100 N WDM^j77 10 1. 
ff«Sl 0 2*itfS«aE»l 0 3tiK »jB3tea*S 

8 2&£) li. HuiEbfc^4 

[o 1 2 6] ±m<oxota->^Ax^ 

£ fcWD Mif*^> ^it-^r^V— * 1 0 0 
^~hP, l:AW$n*-bPi^?>EDF8 1 a£i£ 
6nS, C©EDF 8 1 a^Bu 1SLD2 3, 
til. 4 3>um©JHrjH3te*5«tn c BSeLD 2 3 t frt><D 
til. 4 8^ra©iM^WDM^77 2 2a, 22 

DF8 latHB?n*:WDMI^Iix WDM*77 40 
2 2 b^iii©bT7tT-f VI/—* 8 6 BfcjS^ftS 

8 1 artSaWlSCejR-i-S. CCDWDMflWKW 
HO^^tfEDF 8 1 a£51®Lfc#&:S<2a®3te 
tt. 3feU— 3^ V— * 10 0 CD*— h Pi tc Alt* Jx# 
-hP,*&WDM*77 1 0 1 Izm^tlZo WDM# 
77 1 0 1 tM±> #— bPifrbVtiitjyt&IB^ftf&ft 

tt, 1 0 3lZ&~?X&MtStlT, WDMA77 1 0 50 
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1 fc^UT^It— 3r:xl/ — * 1 0 0£>4?— h P, KMZ 

[0 12 7] ^CD<t^tC*^KSJK^T*H:> EDF 8 1 a 

^&fc#Al/& 1O0WDM*77 2 2 bS^LTED 
F8 1aC«*«*?)iftU S&C E D F 8 la(D 
513i5fe^fi^it-^r^- 1/— * 1 0 OSEf 
flt^©***Ga»7Cg*4J:dK:b&ci:-C, ED 

fs i *&±v<ft&m&7x^^>mmifift<£^, % 

KCiSfcaWfrCHu ^«^*t»A-r*3teSBa©ia» 

l/— ^S3fe«eS8©A*®^lfttfS«;to?)^x »AS 
*#^B<b£;h/tv>£) . VI/- *i:I^©*8tE 

[0128] jtitwsscoAAa^^ttsasfe* 

{giJ8£2*i6-hT% mllfeCDEDF 8 1 aOgi* £2SR<fb 
"TS^h^altb^^So CODED F 8 1 a.<DMR<MZ& 
>K *J»— ^MW (AGO *WLZ.X&m-f&<&M&te 
<&S 0 dftfcfcv EDF8 1aA©A*V^Mt§ 
ipJIMM**^ H3 7CStiiCEDF 8 1 aOiSC 
iot^btSCliltliSo 1-&fc>t>> 0 3 7 fttSl: 
7jVr<fc"5t^ EDF8 1aOft*#*^Ctts A^J 
l/^;i/<Z)^fbSc*j- bT *JW— & £ IBHtfR <^§o 

-75\ 03 7^S^t<ta^ EDF8U0fi$ 
fcSIS&MEX&S- CCDfctfK E D F 8 1 a ©JSKfb 
[0 12 9] ^>JS«ffl©]»e#iK:Ki:ED 

«»8©*j«cDl««<bi3cttffi3^ Mb£S£^#«l 

[0130] a*. ±aa*5o*«»JB^H:^ * 
ai/-^ i o o^ffifflbT^vva^cD^^^eii^ 

-)Sft^^«»Sig©A*©^#A$nTV^^r-f VI/ — 

[0131] ^3 8©^flc^JH:^ ±§3^.5 CD^BE^^T- 
fflV>fc>fe1t— *al/- 9 1 0 0£>{£S£> VI/ — 

^ 8 6A^ISIt> K3teT-f Vl/-^ 7 8 6 A(Dm'&lz^ti 
^nWDM^/7 1 0 4, 1 0 5^#AU ^vVS&fe 
ytftftT* V I/—* 8 6 A Sa0 LT^eiHES 7 ^21 ^ 
tlSct9tUfe^OTfel)o SWDM*77l0 4, 1 
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0 5{±, -fi(DW<DX— blZXtl$tltz?tZm^yt!&ft 
£®J®#J&9-iC#&bTffe;£©ffl© 2 -3©#— b iZ^ix 

*), #£&&7*>£#ti4gf§8KA££ft£WDIWi- 
WDMA75 10 4, ^T-f V U— ^ 8 6 A^5«t 
1 0 5£JlS£iIoTEDF 8 1 afcjge, 
*i£<, *fes EDF 8 1 ei^MM^tc^^ymm^tm. 
VWD Mfl^JfeOfiJtR *) 3feHu WD 1 0 5 T- 10 

-f VV — * 8 6 ACS££>*vr8$**;**l3o — WDM 

*8 6 A^ailbWDMA^ 1 0 4 ^iioT^eiSgS 

7fci££>ft5<fc-5 C&S. fc£U ±S3©<fc 
bfe«^{ctt, ±{i^£»A£ft£^#,aA s ^<&3 

J5E©;£* s **fJ 

[0 13 2] 5fe*5, ±>£bfcSS l~5©HJfiff$ffiT*(is 
CM> F^©WDM{i^fc*f^-&^ b 20 

Tl. 4 3/im^feiil. 4 9^mSffl^l.S^^ 

J£> ±i£CDBI'2 4Ct0"J^bfcct^{C, 1. 4 3//m43 

«ttr i . 47 /im©#»je#*MB©ai^»&'&to* 

# f# e> n s «t a t- & £ s <> 
[oi3 3] £e>tc, ^v>*(jscD*i»«®i$tttts a 

©Wf^tt^mv^^^^-rsi: bTSftl^^ff ofeo 30 

i/^.b^cwf^tto^ttc-pv^-rffiP b < t, 

M&<DWM&. . 0 3 9 Jb ) tC^t-<t 3 ± 0 . 5 d B 
[0 13 4] C©«td*5v>if*i©Wf&ft#'(4©a 

^^sr^r^^-tr^-rs^s^a&sj©^-^ Witt, 

S. JW#l£3M:T3£u ^3©l5lffi^©<tat^tftS 

tsa^, «©©^Ji«ia5tMbTEDF©«f#^s^ 

^BTtt&fflbT^&^A^ ^©J;a«:^7-f 
v*s»£-&*vO Cowr % ±iB^v>tf*a©;pjf#ifcft 

^tt©dfe»3^5si?3AnTigfi-rn«f. i^7-f 

fcE, 0 3 9 fc^T 1 5 5 0 nm©fijf##fljj©i£*j; U 

^-C:Tn £© 1 5 5 0 nm£*ijf#£— ^£ife> 50 



(15) 4#Bfi 2001-7768 

28 

-oWi&$L& mZ.lt. 1 4 5 0 nmtg) £in£T7V> 
[0 13 5] *fc> ±jffibfcMH~5©|lSEJ&<§T-fcJU 

B£bfc*^ *^(icm^Pse.nst)©T-tt*<> «tD 

iSv^e^JteflM*, 09*. « 1 5 3 5~ 1 6 0 5 nm 

•e\ •£tt-e*i©7T>fi&j@3te^ , 7— offl-s-saafibr. 



£o l 3 6j^M4j3 t{±, cn> k^+l^> K^Ko 

^x, 3o©kMs:ia^0t>-a-T^-v>®ig.?-y-s ls ^ 



1=1 
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